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INTRODUCTION

Since it~ first description in 1686 {58, 59),
Sydenham's chorea, also called chorea minor, infectious chorea, encephalitis rheumatica, and Saint
Vitus' dance, continues to be a disease of some
great pediatric interest particularly in regard
to its pathogenesis and its association with rheumatic fever.
Although the pathogenesis of this disease
.has remained an unsolved problem, it is the purpose of this paper to present some of the modern
methods of anatomic and physiologic investigation
of the nervou~ system in an attempt to understand
some of the factors responsible for the choreic
phenomena.
It will also be the purpose of this paper to
point out the rheumatic association of chorea minor, and to compare, in their effectiveness and
desirability, two treatments for chorea minor.
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CLINICAL PICTURE .

Before we proceed to a discussion of the
pathology and pathogenesis of the disease, a
brief resum~ of ,the clinical picture should be
clearly in the reader's mind.
There is a history of gradual onset of
several days or weeks of "nervousness", or of
"twitching," or of irritability and "peevishness," or "being tired", and irregular movements in all parts of the body under voluntary
control; such movements occur during the waking
hours (46).
If the child is at school there may be noticed difficulty in writing, drawing or performance of other delicate tasks.

At home, the

child continually drops things, has difficulty
feeding himself, and sometimes, in buttoning his
clothes ( 35).
If his legs are first affected, a history
of frequent falls may be elicited, or of difficulty in going upstairs.

At other times the face
'

may exhibit abnormal muscular movements first;
such cases are manife$ted by a disturbance of
-2-

articulation and twitchings of the eye muscles

(35).
The severity of jerking and incoordinate
movement pregresses in degree together with
appearance of a more or less evident emotional
instability and imbalance characterized by irritability, more often crying, less often laughing about irrelevant happenings.

Speech, respi-

ration, and all of the other semivolUlltary activities may be involved to some degree.

The move-

ments made by the extremities are purposeless,
aimless, and involuntary,' and a great degree ·of
incoordination and confusion of purposeful movement occurs.

The movements are not intensified

by intention, they are never present during sleep,
which is restless though usually undisturbed (35,

46).
The onset of chorea may be often preceded by
an upper respiratory infection so insignificant
as to escape notice (46).
A history of fright or of some other emotional
strain can be obtained usually.
bility is a result

This in all proba-

rather than the cause of the
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attack of chorea (46}.
Bennett (6), lists emotional shock, and
fright as "precipitating f'actorsn in some cases,
along with pregnancy and acute infection.
The attacks are more frequent in girls
than in boys; 2 to 1 according to Holt and McIntosh {35).

The ratio according to Bennett, is

2.5 to 1 (6).

The ratio is higher among poor-

er urbanites according to Buchanan (12).

The

incidence is higher in the spring of the year
than at other times according to ·McCulloch (46),
and higher in the early spring, and fall months
according to Bennett and Hoekstra (6).

Holt and

McIntosh (35) list the spring as predominant.
rl'he disease is, commoner in older children
than in younger children (no exact ages given),
according to McCulloch {46).

Holt and McIntosh

(35) list 7 to 14 years as the com111onest inclusive
age limits.
Blonds are affected more frequently than are
brunets (35, 46).
It is also stated by McCulloch (46) that the
disease is commoner in children with frequent
ncolds" and "sore throats".
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(See also Table I.).

All races seem equally affected when living
under the same conditions; the negro race in the
northern cities, is particularly susceptible to
chorea as a manifer.tation of rheumatism accordj_ng
to McCulloch (46).

Holt and McIntosh state that

the white is more commonly afflicted than the
colored (.35).
McCulloch (46) makes the following statement
a bout the disease, nrrhe patient's mental and emotional development varies, and it may be said that
chorea develops only in those children who have
some weak point where the manifestation starts.
The familial socio-economic background is generally faulty and furnishes a tertile soil tcr emotional disturbances to ippear.

The intelligence

QUO-

tient determined in choreic children may be low
or hieh, but is usually an irregular curve, independent of' ~,erfor1 1bncG te::-ts ba:.::,ed on mu:=:cular
1

coordination.

It has been ehown

by

mnny workers

ths.t rheumatism is increaf'ingly frequent in the
lo-wcr Eocial strata, partj_c'.~larly when the family
is impoverished in ability to make the best of
poor circumstances or to provide proper health
and environmental facilities for their children.
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"Thir::, implies an intellectual poverty as well
as an economic poverty.

Chorea may be an ex-

ception to this feature of rheumatism, for
one is likely to encounter chorea rather frequently in private practice".
Chorea patients usually recover completely without any residual injury of any kind.
After several weeks a slmv imprevement is noted and the symptoms disappear; the recovery
may be spontaneous, or occasionally may occur
rapidly (46).

According to Holt and McintoEh,

the ordinary form of chorea tends to spontaneous recovery in from six to ten weeks with exceptional cases lasting for three to four months,

(35).
McCulloch (46) points out that reoccurrence
is frequent, especially during the sprine; season,
and states that the next manifestation of the
rheumatic procesf:; may be in some other region.
Holt and McIntosh (J5) state that the tendency
to relapse and second a·ttacks is very marked.
They state farther that,"later attacks are likely to occur in the spring succeedine; the first
illness, and in a small number of patients at-

-6...;

'

tacks may come every year for four or five
years."
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PATHOLOGY
Very little important information has been
added since Sydenham's original description in

1686 (58, 59).

It was Cheadle (16) who clearly

and definitely pointed out the close relationship between chorea and rheumatism in children
and was probably the first to emphasize the
comparative peculiar manifestations in adults
and children.

Cheadle's description supplements

that of Sydenham with accurate clinical observations based on principles of modern medicine.
Richard Bright (11) was probably the first
to suggest the etiological relation of chorea
and rheumatic heart disease.

He concluded from

his pathologic studies in 1831, "Vve al1t1O see that
rheumatism is so intimately connected with chorea
that in some cases it seems to have been an exciting factor, at other tiL~es to be but a concorni tant."

Todd (61), supporting this idea, said in
1843, "It often occurs in the lheumatic diathesis,
as I believe is indicated by the frequency of coexistence of chronic valvular disease of the
heart with it; and it frequently comes on after

-8-

-,

attacks of rheumatic fever."

That the brain

was affected he s.tat·ed definitely, and he placed
the site of the affection in the mesencephalon.
See (57), in 1850 wrote the first monograph on chorea.

He, too, agreed that it was

part of a rheumatic infection and that it involved the nervous system, but he did not offer
any suggestion as to its site or election in the
brain.
In 1869, Kirkes ( 38) selected the "spine"
as the site of pathology by saying "embolic
particles are carried from the heart to the
spine and there set up the irritation which is
productive of chorea."

He also agreed that

the theory of rheumatic relationship was correct.

Wilkes (70) disagreed with this conception and maintained that "chorea like epilepsy
is due to a disturbance of the whole of the centers."
In Jackson's description of the brain of a
young man who died from chorea in 1869 (36),
he state~,"I found slight extravasations in se-
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veral parts of the brain, chiefly on the surface,
and by the microscope, I discovered within numerous small arteries much granular material.

Al-

though the movements in this patient's case were
almost limited to one side, yet I found the appearance of blocking in the region of each middle cerebral artery.

I found similar changes

in other parts of the brain."
Bastia~ (4) stated that chorea was brought
about in an indivtdual of a certain age and nervous temperament by a disturbed nutrition in the
corpora striata and adjacent parts of the brain
due to multiple minute thromboses.
Raymond (52) reported that thirty-nine of
fifty-eight fatal cases of chorea showed round
cell infiltration in the.brain.
'1'he infectious etiology was first propounded by Westphal, Wassermann, and Malkoff (69),
and later by Poynton and Holmes (51), who reported finding a streptococcus in the blood and in

the brain of patients with chorea.
Also,Mircoli (48) reported finding a staphylococcus
in the brains of fourteen of seventeen patients
with acute chorea.
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Vogt and Lewandowsky (66) state that chorea
and rheumatic fever are associated with generalised and non-specific lesions of the brain with

degenerative changes predominant, but not confined to the basal ganglia.
Descriptive anatomical changes were emphasized by Turner (64), who described changes in
shape and structure of the large pyramidal cells
in the motor cortex in five cases of chorea.
However, only this area of the brain was examined.
Thomson (60) reported swelling of the
ganglion cells of the brain with changes in
their staining reactions.

No alterations in

the blood vessels of the nervous!!Y"stem were
found by him; his concept was that chorea was
due to a toxin circulating in the blood.
Pial bleeding, and thrombosis of the
superior longitudinal, transverse, and petrosal sinuses in a young woman who died with
acute chorea and chlorosis was reported by
Reinhold (54).
Abrahams (1) concluded from his finding
toxic changes in the cortical cells and in-11-

filtration of the perivascular spaces in a
fatal case of chorea of pregnancy, that the
signs of inflammation in the brain were the
result of toxic alterations in the blood.
Reporting on two fatal cases of acute
chorea, Reichardt (53) found hyperemia of
the cerebral cortex and perivascular infiltration, but no changes in the structure of
the cortical ganglion cells.
Instances in which no pathologic changes
in the brain in chorea were found are shown
by West (68) and later by Kop_cznski (39).
Meningeal congestion, cellular infiltration of the cortex and cellular pallor has been
described by Dupre and Camus (19).
Delcourt and Sand (18a)found that the meninges were infiltrated with inflarmnatory cells
and that the meningeal vessels were widely dilated.

The cerebral cortex was hyperemic, ede-

matous, and in places necrotic.

The nerve cells

were markedly altered in the cerebral cortex and
int e basal ganglia.
In two cases of acute chorea in children,
-12-

evidence of neuronal degeneration, hyperemia,
and diffuse inf lar,,mation of the cerebral cortex
were reported by Fiore (21).
;

Evidence of acute cellular in:flltration of
the meninge~ and small scattered inflammatory
nodules in the cerebral cortex and in the basal
ganglia were described by Marie and Tretiakoff :

(45).
Greenfield and Wolfsohn (32) described, in
the cells of the cerebral cortex and the basal
ganglia of a 7-year-old boy who suffered from
acute rheumatic chorea, neuronophagia.
Diffuse cellular degeneration in the cerebral cortex·, the putarnen, and dentate nucleus
of a girl 19 years old who died with acute chorea
were described by Lhermitte and Pagniez (4J).
A monograph published on the pathology of
choreas by Lewy (42), lists the changes as being
mainly the destruction of the ganglion cells with
some perivascular infiltration.

Only one patient

waE found by Lim to have emboli in the cortical
vessels.

According to him the cellular changes

were not only in the basal ganglia but also in
the deeper granular layers ot the cortex.
A detailed study of the brain of a 15-year-

-lJ-

old boy who died with acute chorea was made by
Van Gehuchten (28).

The brain was found to be

markedly congested, small hemorrhages were
found in the posterior part of the putamen, the
caudate nucleus, and the thalamus and irregularly placed in the cerebral cortex.

Cellular de-

generation was present in the brain stem, the
thalamus, the basas ganglia, and the dentate nucleus of.cerebellum.

Little damage was found

in the temporal, occipital, and parietal regions
/

of the cortex, but cellular degeneration was marked in the frontal regions.
In the report of an autopsy of a woman who
died with acute chorea, by Laederich, Mamou, Beauchesne and Vaisman ( 40), the following changes
were noted by Levaditi, who studied the brain:
He reported intense dilatation of the vessel2 in
the cerebral cortex. Perivascular "cuffing" and
neuron.a destruction, and in the white matter, numerous small hemorrhages we~e found.
Viegler (73) described chromatolysis and
neuronophagia in the cells of all parts of the
brain and spinal cord of a girl who died with
acute chorea.
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Von Santha (56) in his comprehensive study
of the brain of a 15-year-old girl who died
with chorea found few inflammatory cells present in the pia mater, but many small pial vessels were thrombosed and recanalized.

As a re-

sult of such vascular changes, numerous areas of
incomplete softening were found in the cerebral
cortex, particularly in the pre-central gyrus
and the temporal region.

He reports no cellular

changes in the basal ganglia, the thalamus, the
mesencephalon, or the brain stem.

A

few scat-

tered areas of damage were present in the dentate
nucleus.
In his report of the findings in the ·brain·

of a 15-year-old girl who had died as a result
of acute chorea, Callewaert (14) described
cellular degeneration in the cerebral cortex of
the central sulci, in the caudate nucleus and
putamen, and in the thalamus.
Cellular degeneration, which was most marted in
the motor cortex and in the basal ganglia, but
with no eviderice of perivascular "cuffing" in
any region, was found in the pathologic study of
the brain of a ~.hild who died as a result of
-15-

acute chorea was described by Babonneix and
Lherrui tte ( 3), who reviewed the pathologic
study which had previously been reported by
ivlery and Ba bonneix.
According to Freeman (23), patholoe;ically, the. gross picture is similar to that
observed in any acute infectious disease with
degenerative changes, especially in the locus
niger, neostriatum, corpus subthalamicum, but
cortical cells have been found severely altered
in f;ome cases"
It is Ram.say Hunt's idea that chorea is
a manife:::itation injury, thus cutting off normal inhibiting influences.

Thus, in all prob-

ability, many lesions are of a nature of a "toxic degeneration" and so escape recognition by
microscopy; this would account for the return
of complete function and the absence of pathology with clinical remission and recovery (8).
After their studies on brains of patientf;
who died of acute chorea, Winkelman and Ecklet

(72) came to the conclusion that "chorea is a
generalized involvement of the brain; there is
nothing to account f'or chorea in the basal
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ganglia except possibly the acellular foci in
one of them.

Not knowing which cases had

shown chorea, we could not have picked them
out."

They also stated that in the brains

which they examined, inflammatory manifestations were lacking.
In a round table discussion, Buchanan (13)
pointed out that pathologic and electroencephalographjc studies are in keeping with the original suggestion of Kinnier Wilson, that in
chorea, the ~i.te of tne pathologic changes is
the motor cortex, and not the basal ganglions.
During this same discussion (13), Dr.
Bronson Crothers of Boston remarked that furthermore the changes are of a reversible nature more than most of the other encephalo-

pathies.

"That is", he went on to say,"extra-

ordinarily few of the children whom I have observed are either feeble-ruinded or irregular
in their development after the process has subsided; furthermbre, very few of them have later
convulsions."
S1nce experimental data are usually lack-
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ing in regard to chorea, it is of interest to
note the vvork of Kennard and :F'ul ton ( 37) on
experimentally produced tremor and chorea in
the monkey and the chirupanzee.

They state

that combined lesions of the cerebral cortex
and basal ganglia are followed in monkeys and
chimpan:::.,ees by disturbances of movement such
as tremor and choreiform involuntary movements.

True chorea has been observed in the

chimpanL,ee af'ter large b'1lateral lesions of
the caudate nucleus, the putamen or the globus pallidus.
Followine is. the history of such an ani:u'"al:

The subject was a mature, female chim-

panzee who was reasonably tac~turn, who had
had area 8 (eye fields) bilaterally removed
in 1938.

Recovery had occurred with no trace

of' motor deficit.

Area 6 (See Fig. I) was ex-

tirpated from the left cortex and the underlying part of the head of the caudate nucleus
was removed by suction on July, 5, 1940.

'J.1he

next day a complete right sided flaccid para, lysis occurred.

'l1he second post-operative

day a reflex grasping appeared in the right
hand and involuntary jerking movements of the
-18-

After J. F. Fulton (26, 27).

right fingers andhands was first noted.

r11he

left extrer:1.ities were normal f ollovling this
operation.

During the next wee~ a true cho-

rea develpped, ,.hich appeared in the fingers
and Fpread slowly from day to day to involve
the right arm, shoulder, hand, leg and foot.
TwitchingE which wer·e irregular, rapid, jerky,
and involuntary were never ::,eE'n on the left
side.

Luch move~ente were present all the

time, except pos:=:ibly during sleep.

This

syndrome.persisted about one month, disappearine: as ;radually as it ·had come.

Spac-

tici ty and reflex grasp persisted as a re-

siduum of removal of area 6 after the disappearance of the chorea.
~vhen the operation was repeated to effect
a bilateral lesion, the development of a
tremor (not seen with the unilateral lesion}
was noted, bilateral in location, and present
during action and markedly accentuated by
emotional stress.

Case Reports}_

Following are two case reports
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of chorea which are included because the autopsy
reports concerning the examination of the brains
of tllese two patients will typify the diversity
of findings in such cases; these patients died
while suffering from acute rheumatic chorea (12).
Case I.- 1vl. N. was a 13-year-old girl who was
born prematurely.

Her development was slow.

She did not sit up until 15 months of age and
did not walk until 2 years of age.

At the age of

12 years she was able to dress and feed herself
but could not play ball or roller skate.
school work was of average quality.

Her

Vvhen first

examined at that age she had ataxia of the left
arm and lef' t hand.

rrhere were twitching move-

men ts of the neck muscles, especially of the
left sternornastoid, which rotated the chin toward the right shoulder.

A diagnosis of dystonia

was made.
She was admitted to the Children's Memorial
Hospital in Chicago on April 8, 1937, because of
frequent purposeless movements of the face, arms
and legs, which had appeared a few days before
admission.

At that time she had an apical sys-20-

tolic murmur.
lymphocytes.

The spinal fluid contained 50
Her temperature was 101°F.

died with a high fever on April 19, 1937.

She
rrhe

clinical diagnosis was Sydenham's chorea superimposed upon a dystonia.

A complete post-

mortem examination was made.
Discussion.-

"This case of dystonia with super-

imposed Sydenham's chorea is of great interest
due to the absence of Betx cells and the virtual
lack of the pyramidal tracts.

In spite of this

deficiency the child a1)peared to be able to carry
out almost normal movements of the upper and lower
extremities.

This is, of course, not unexp·ected

in view of the studies of Tower (62) on monkeys
after section of the pyramids.

':l1he development

of chorea in this case would appear to negate
Wilson's theory (71) as to the pathogenesis of
the conditbn.

He emphasizes the necessity of an

intact or practically intact pyramidal tract fer
the movement::, to appear.

However, so 1011g as

there is a functioning :pathway from the cerebral
cortex to the spinal cord, there is no reason
why involuntary movements should not occur."
Case II:-

R. B., a 6-year-old boy, was admitted

to the University of Chicago Clinics on .Iv'.Iarch 10 ~
-21-

t

1936, with the history that he had been
jerky and nervous for two weeks.
an only child.

He was

His birth and early devel-

opment were normal.
I

He presented typical chore if orm I!1overr,ents

of hands and arms.

slurred.

His speech was

His heart was not enlarged, but

there was a harsh apical systolic murmur.
Subcutaneous nodules could be palpated in
his scalpe in the occipital region.
He was kept in bed for six weeks and
given phenobarbital arid salicylates.

He

had almost recovered completely at the time
of his discharge.

His illness recurred in

July, 1936, but by Sept., 1936, he was well.
He was not seen again until May, 1939,
but was said to have been well in the interval.

His heart was 65 percent oversize and

there was evidence of a partial atrio-ventricular block and myocarditis on electrocardiographic studies of his heart.
A blood culture taken one week before his
death was negative for all organisms.
Discussion.- tt'l'he vascular changeE: in this un-22-

complica tod ex[nriple of t;ydenham.' s chorea a.Te
the most stritine patholoBic featureE of this
C,J f:e.

Si1ailar al tera tiorn:: are r)ref ent in rnany

organs of the body as well as in the brain.
rrhe pronounced intij al proliferation of tLe
mediulil-f'i ✓'ed

vessels c:ivine: rise to nodular

elevationr, on the veSE'el wall are a frequent
findj_ng in' all organ::: of the body in rheumatic
fever.

The severe endothelial ~roliferation

of the capillaries in the brain ~ubstance frequently producing an occlusion of the lumen
and commonly subdividing the lumen into two
or three channels has been described by Glahn
and Pappenheim (31) as a specific lesion of
rheumatism.

They found such lesions in the

peripheral blood vessels in ten of forty-seven
cases examined.

They maintain that this lesion

is not the result of recanalization of a thrombotic vessel, but the result of active endothelial proliferation."
It can be seen by the foregoing review of
the neuropathologic changes in the brains of
chorea sufferers that a considerable diversity
:.;..23-

of findings in these cases is encountered.
It may be said, however, that in the acute
case, the most common abnormality is evidence of neuronal degeneration manifested
by swelling of the cell, eccentricity of
the nucleus, neuronophagia with or without
vascular changes, and tigrolysis.

The

cerebral cortex, the basal ganglia, and
the cerebellum exhibit these findings predominantly.

These changes per se are not

pathognomonic of chorea since many other ·
toxic or infective conditions, which have
no choreic manifestations, exhibit similar
pathology.
In other cases, vascular changes are
pronounced in the cerebral cortex, basal
ganglia, and cerebellum; such vascular include proliferation, thrombosis, or hemorrhage.

Such vascular alterations may be

associated with any or all of the neuronal
degenerative changes previously mentioned.
bince, other conditions manifest such changes,
these too are not pathognomoD:ic of chorea.
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THE ELECTROENCEPHALOGRAM IN CHOREA

Inasmuch as Buchanan (12) points out that
the ele9troencephalographic studies are in keeping with the idea that the site of the pathologic
changes is the motor cortex, let us turn our
attention for a moment to the electroencephalogram in chorea.

An irregularity of the cortical

potentials is the most striking and most constant
characteristic found in the electroencephalogram
in chorea; in Sydenham's chorea there is a moderate increase of potentials and an increased
irregularity of the· electrical activity.

The

variation of these(disturbances is from 0.08 to
l second.

So rare is the regularity of the dis-

turbances that they can scarcely be called waves.
All parts of the scalp' show the irregularity in
choreic. patients, the intensity being greater on
the side opposite the movement in patients exhibiting hemichorea.
The electrical phenomena may simulate that found
in idiopathic convulsions; one such patient was
found in Buchanan's series {12) whose electroencephalographic recording resembled that seen in
the convulsive state, and who subsequently develop-
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ed epileptic seizures.
Usher and Jasper (65), reporting on the:ir
findings in twenty-three children with rheumatic
chorea are essentially in agreement with the
findings of Buchanan (12).

Usher and Jasper

found that there was a decrease or absence of
the normal alpha rhythms and that there was a
continuous slow wave activity
plitude.

of

increased am-

They found, in addition, that the more

severe the clinical signs of chorea, the more
pronounced were the changes in the cerebral
activity.
Gibbs and Gibbs (30) show cases where no
abnormality whatsoever occurred in the electroencephalographic records.
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THE PATHOGENESIS OF CHOREA
Diverse explanations have been offered for
the choreic phenomenon.

The majority of inves-

tigators l:i.ave attempted physiologic interpretations of pathologic findings in selected cases
of chorea.
Charcot (15) assumed that a special bundle in the internal capsule, which, when damaged, gave rise to choreic phenomena; this
postulation has never received confirmation
~n later studies.
Pathologic lesions in the thalamic nuclei
led Ivlonakow (49) to conclude that irritation
of the thalamo-cortical fibers was responsible
for the production of the choreic syndrome.
Bonhoeffer (7) emphasized tlie importance
of damage to the cerebello-cortical pathways_
after his studies disclosed lesions of the
superior cerebellar peduncle.
Halban and Infeld (34) came to the same
conclusion after studying a case vdth an isolated lesion of the red nucleus.
Since so many cases have revealed, at
autopsy, gross ~esions of the basal ganglia,
and since such lesions have been so well cir-
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cumscribed, it has been possible by correlating
the predominant clinical involvement with the
llli te of the pathologic lesion "to deduce· a somatotopic localization within the striatum." (26).
Buchanan disagrees with this method of
deduction and states farther that "such discrete
involvement is rarely seen in the choreas of
childhood and occurs in the arteriosclerotic or
senile choreas (12)."

It is thus apparent that

the pathologic substrate of chorea is to be
f01.n1d in lilany different parts of the central nervous system.
'rhat the lesion in chorea had no single or
constant anatomic site was recognh.ed by Wilson

(71) who believed the phenomena to be the result
of a system.

It was his belief that the cerebello-

rubro-thalamo-cerebral pathway and pyramidal
tracts played an iILtportant role in the production
of tne signs of excessive activity.

Although

he concluded that the phenomena originated at
the level of the cerebral cortex, he did not
suggest the precise physiologic mechanism governing these involuntary movements.

I
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Buchanan (12) believes that a fundamental
role in the production of the choreic movements is played by the cerebral cortex.

Evi-

dence in favor of this hypothesis is the abnormal activity of the electroencephc;_logram
which Buchanan and his coworters believe to be
of corticEi.l origiri.

This abnormal activity

is, at times, localL ed to one part of the
cerebral ··cortex, and interestingly enough the

.

locali'.ation of this activity occurs in the cen~J _
tra1 region contralateral to the maximum
motor disturbances.

Subcortical activity

would be expected to be manifested by being
equal in all leads, but such

j_E

not the caLe.

The d.if'fercnt leaci;. r,ay :=-.l1ov1 abnor:;:e.li ty
EO

tnat it:=-, activity h; neither ~·:;rnchronour-3 nor

in pha:=-:ic relation to that of any other lead.
Since the motor area of the brain, from which,
upon electrical excitation, motor phenomena
ree.emblin.g movements choreiform in nature, can
be elicited {12), Buchanan conclud,eE. that this
is strong evidence in favor of the activity
being cortical in origin, and that the motor
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area itself ie mot:t probably the region directly responsible for the production of the
choreic movements.
But since the neuropathologist(22, 2,

JJ,

17) protests that the changeE infue brains of
choreic patients are not confined to the
cerebral cortex, that they be minimal there
and gross in other parts of the nervous sysT
tem, that the other portions frequently affected are the cerebellum, its efferent pathways, the striatum, and t;he thalamus, we must
endeavor to correlate t~e lesions in these
structures to the abn:ormal functioning of
the r:1otor cortex.

V\fi th recent anatomic and

physiologic studies of the motor cortex in
prim.ates ( 37), we may be able to answer this
question.

Buchanan (12) states that, "'rhere

is now evidence of at least two circuits impinging upon the motor cortex and playing an
important role in its normal function.

They

are the cortico-ponto-cerebello-dentato-rubrothalamo-cortical and the cortico-s1:Iio-thalamocortical circuits.

Both the anatomic and the

physiologic aspects of the dentato-thalamo;;..
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cortical arm of this arc have been extensively studied".
Rossi (55) showed that the threshold
of excitation of the motor cortex was lowered when the cerebellum was simultaneously stimulated.

As a corollary, Walker (67)

demonstrated that electrical stimulation
of the cerebellum increaE,ed the cortical
activity of themotor area on the opposite
side.
The second circuit that influences the
motor cortex, the cortico-strio-thalamocortical arc, has been studied by Mettler
and his co-workers (47) and by Dusser de
Barenne and McCulloch (20).
t11e

Bxcitation of

cauda te nucleus, according to Dus Ber de

Barenne and McCulloch (20), inhibits the
electrical activity of tne motor cortex,
and conversely, that lesions of this nucleus
at least temporarily augment the electrocorticogram of the motor area.

I,\:ettler (47)

states that stimulation of the caudate nucleus cauees a decrease of the electrical
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'
l_

excitability of the cerebral cortex.
Since there if: a constent stream of im:pulse::: pascine throue;h both of these nervou~~
circuits, even when the organism c::qypears to be
at rert {12), and £-dnce the volitional innervation is E:u11erimposed upon this activity, it
therefore seems probable that these circuits
maintain the motor cortex in a "tonic state"
so that volitional activity r:my be initiated
with ease.

Buchanan {12) emphasizes that it

is not neces::::ary for all the neurones of the
cerebral cortex, the basal ganglia, or the
cerebellum to be kept constantly active by
this mechanism.

He states that probably only

a very small portion of the neurones are active
at any one time, and the majority of the rernainder come into play only when the motor
cortex is f:timulated into activity.
In addition to these two suboortical
circuits which may modulate motor cortical
activity, the cortex of the postcentral gyrus
and of other parts of the cerebrum influences
the activity of the motor area (12, 26, 67).
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Buchanan (12) also states that "by modifying the influence of any of these mechanisms,
the motor cortex may be Irh:1.de abnormally sensitive and responsive to what would ordinarily
be subliminal stimuli."

He answers the neuro-

patholoeist's protests by saying

that "the

'

presence of lesions in the cerebellum and its
efferent pathway, the thalamus, and striatum
must interfere v.ri th these modulating circuits
and conceivably could make the motor cortex abnormally sensitive."

He further states (12)

that it does not seem at all probable that
such lesions are responsible for the stimulus
setting off tbe abnormally sensitive cortex.
Since diffuse degenerative alterations (66)
occur in the cortical neurones, and these mild
changes are generally thought to be "reversible
cellular phenomena"(l3), their responsibility
for the stimulation of the motor cortex could
easily explain the rapid recovery of the patient.

If it is true that these slightly altered cortical
cells may discharge spontaneously (12), and
effect a motor response if the cerebral cortex
is aimormally excitable, such responses due to
-33-

focal irritation would be of the nature of
twitches or jerks, and might occur when a
limb is either at rest or in motion.

When

the cortical neurones recover from these
mild dee;enerative changes which are generally conceded to be reversible cellular
phenomena, the choreiform movement~ would
disappear even though the cortex remained
hyper excitable, but they might recur if the
cells were again subjected to toxic or i:nfec.tive influences.

Thus does Buchanan ex-

plain the recurrent attacks of chorea and the
comrnon occurrence of a previous history of
a childhood chorea with the chorea

or

preg-

nancy.
Choreic manifestations should be present
at some time in all patients whose brains
present the aforementioned anatomic findings.
However, Bruetsch (10) reported a series of
four rheumatic cases from a mental hospital
in which the intimal proliferation of the
medium-sized vessels giving rise to nodular
elevations on the vessel wall is a constant
finding.

Also found was severe endothelial
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proliferation of the capillaries in the brain
substance frequently producing occlusion of
the lumen and collilllonly subdividing the lumen
into two or three channels.

No choreic his-

tory was present,. in these cases.
Winkelman and Eckel (72) found similar
changes in the brains of five patients suffering from acute rheumatic fever.
of these patients had been choreic.

Only two
V/hy is

it that all of such patients do not develop
chorea?

It is "because of individual differ-

ences that the cerebral cortex never becomes
sufficiently excitable to allow the spontaneous discharges of the degenerating neurones
to be effective stimuli," according to Buchanan ( 12).
Individual differences in threshold of
excitability, as offered as an explanation
for chorea in some patients, is demonstrable
in convulsive s
in convulsive states. Sin~e convulsions and
chorea are akin, such an analogy is not entirely
unjustifiable {12).
It has been folllld by LenRox (41) that
certain dysrhythmic electroencephalographic
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patterns are characteristic of th~ convulsive state, although not all individuals
having epileptic attacks show such cortical
activity.

Conversely ten percent of the general

population show similar patterns, although they
have never had an epileptic attack.

It has

been suggested tlat theindividuals with cerebral dysrhythmias are potential epileptics (41),
and that if they developed an exciting factor,
such as a brain tumor or head injury, convulsive seizures might occur.

Buchanan (12) states,

basing his remarks on statistics from electroencephalographic records, that inactive ch.oreics
and some of their relatives have similar abnormal electroencephalographic activity (65) which
probably indicates a hyperexcitability of the
cerebral cortex.

"In one such case," says

Buchanan (12),"the anatomic substrata readily
lower the threshold by the physiologic mechanisms mentioned previously, to a level at which
the spontaneous discharges of the degenerating
neurones are effective stimuli.

The role play-

ed by the congenital and acquired factors,
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probably varies greatly from case to case,
the one being almost solely responsible at
times, and again having little or no part
in the production of the phenomena."

-37/

.,ig. l.- Sche1m of the nervous circuits wLich modify
~he activity of the cerebra.J. cortex. Only the ef:orent limb of the cortico-ponto-oerebello-tha.la.mocortioaL circuit is shown.
;c, Betz ceU; CC, cerebral cortex; GP. gJ.obus pauidus; LV, nuoLeus lateralis ventralis; NC, nuoJ.eus
caudatus; ND, nucleus dentatus oerebelli; P, putamen;
V, corpus ventriouli.
/rom: Buchanan et al.: .Pathogenesis of Chorea (J.i::)

THE RBEUlvlATIC ASSOCIATION OF CHOREA
It was Cheadle (16) who clearly and definitely pointed out the close relationship between
chorea and rheUlllatism in children and was probably the firs.t to emphasize the comparative pecumr manifestations in adults and children.
Cheadle's description supplements that of Sydenham with accurate clinical observations based on
principles of modern medicine.
Richard Bright (11) was probably the first
to suggest the etiological relation of chorea

and rheumatic heart disease.

He concluded from

his pathologic studies in 1831, that while in
some cases rheumatisLl seems to have been but a
concomitant, in others "rheumatism is so intimately connected with chorea in some cases that it
seems to have been an exciting cause".
Todd (61), supporting this idea, said in 1843,
"It often occurs in the rheumatic diathesis, as
I believe is indicated by the frequency of co-existence of chronic valvular disease of the heart
with it; and it frequently comes on after attacks
of rheumatic fever."
In 1850, See (57) writing the first mono-
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graph on chorea, agreed that it was part of a
"rheumatic infection" and that it involved the
nervous system, but he did not offer any suggestion as to its site or election in the brain.
Since the reports of the many· investigators
who have studied the brain of patients who
have died while suffering from acute chorea

minor·seem to indicate that chorea and rheumatism are related (28, 40 53), it is still a
moot question because of the lack of rheurnatic
pathology i,n some cases ( 3).
Usher (65} reports the findings on the
electroencephalogram of a boy age 7 years three
weeks after the acute oiset of rheumatic fever.
No clinical signs bf chorea were evident.

rhe

1

encephalogram abnormalities in this case resemble those obtained in a case of moderately severe chorea.
evidence

of'

This finding may be offered as

the relationship of rheumatic fever

and acute chorea.
Parrish, reporting on the incidence of
heart disease in chorea, (50) states that 112
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children presenting a history of chorea were
analyzed from the point of view of cardiac
involvement.

78 children had "pure chorea",

34 of mixed cases.

The incidence of heart

disease was found, in this series of cases to
be 59.8 percent.

The incidence of cardiad in-

volvement in the "pure chorea" group was 52.5
perce~t.

In the mixed group it was found to be

76.4 percent.

I'wenty-eight percent of the "pure

1

chorea" cases were followed clinically by these
investigators (50) for "a period of many years"
and this group showed an incidence of 57.1 percent cardiac involvement.

These findings are

conducive to the thesis of chorea-rheumatism
association.
Gerstley (29), however, states that,"As a
result of our investigations, our concept of
the true concept of chorea has been. altered."
According to these men (29) it seems that chorea
is a clinical. syndrome rather than a disease en, tity, developing in a child, predisposed to it
by heredity and constitution upon exposure to
exposure to exhausting psychic stimulation or
various infective factors.
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"While some of the

patients have suffered from rheumatic infection,
the intimate xelation of the rheumatic 'virus'
to the active etiology of chorea is by no means
clear,"

In Gerstley's opinion, psychic trauma

plays a far more important role in the etiology
of chorea than does any type of infection.

There

is little to favor the specific infectious origin
of chorea, he says.

"Chorea is not a manifesta-

tion of chorea per se, but is a clinical syndrome
developing in a predisposed individual as a result
of various psychic or physical trauma."

No mat-

ter what the exciting cause may be, the choreic
constitutio:m. seems of paramount iri1portance to
Gerstley.

He states farther, that, "In our series,

chorea less frequently followed infection than it
did psychic trauma resulting from exhausting physical trauma.

Chorea should not be taken as an

indication of rheumatic infection without other
rheumatic manifestations."
Cases of acute rheumatic fever handled by
the Pediatric Department at the University of
Nebraska Hospital in Omaha, Nebraska, in the past
ten years, number sixty-one; of these, three showed
choreic symptomatology

(See appended charts).
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Thirty-four cases of Sydenham's chorea were
admitted to the Pediatric ward of the University
of' Nebraska Hospital

during the past ten years

(1932 to 1942); of these, twenty-three showed
rheumatic symptoms_, manifested as acute rheumatic
fever or as heart disease in some form (See
appended charts for details).

In those where

a blood sedirnentation rate was recorded, this
information is recorded, and in these cases, it
is found to be above the usually accepted 'normal'
range.

This is not a choreic finding per se, but

is interpreted by this writer as rheumatic.
Thus, in our series of cases at the University of Nebraska Hospital, sixty-seven and six.
tenths percent (67.6%) of the patients suffering
from chorea manifested active rheumatic symptoms,
rheumatic histories, or some form of cardiac involvement ( endocardi tis, mi tral valvular disear.;e,
aortic valvular disease, systolic murmurs).
Sixteen of these patients eave histories
of "colds", "sore throats", or tonsillitis, frequent during the winter months.
One patient, age 7 at the time of admisEdon,
had a father who suffered from chorea at the same
age; this is the only case in this series which
states 'familial tendencies'.
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Twenty-five patients had had the disease
only once; of these, eie:hteen showed siens of
cardiac involvement.
h~d

Of the five po.tient: \:ho

d chorea twice, four had positive signc

of cardiac i~volve1rent.

One patient gave a

history of having had chorea three times; the
heart in this case was entirely void of clinical s:/mptomatology of cardiac disease.
I1he preceding information was gathered in

1

a review of hospital charts of patients admitted
to the University of Nebraska Hospital with
acute chorea or rheumatic fever by the author
of this thesis.
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TREATMENT
The two methods of treatment to be discussed here are (1) sedative (with special reference to phenobarbital), and (2) artificial fever
induction.
Chorea minor is a disease that will always
subside, f,ooner or later simply by confinement to
bed and isolation of the patient; however certain
therapeutic measures tend to shorten the course
of the disease •
.Bauer ( 5) states that fever therapy i~i important and a valuable addition to the the-rapeutic armamentarium.

Since fever therapy does not

influence any other manifestation ,of rheumatic
infection except chorea, other- antirheumatic
measures muE,t be used.

Since sodium salic;ylate

is regarded as 'mildly specific' in rheumatic
fever, Bauer recornrnends it as a co-therapeutic
with fever induction.

He states that it does more

than simply relieve joint pains, and he recommends a dose 01' at least 5 grams per day accompanied by an equal or greater amount of bicarbonate of soda, e;iven in divided doses.

He denounces

acetylsalicylic acid as a futile substitute.
,,
I.

,.___
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Bauer ( 5) states that "the danger .'of fever
therapy (collapse and cardiac dilatation) is
eliminated by expert application of the method."
Following is his technic:
Morphine sulfate 'H' (dose graded to age
and weicht of the patient) is given three and
one-half hours after a light breakfast.

One-

half hour later an Ill. injection of 0.2 cc. of
mixed typhoid-paratyphoid vaccine is given.
The vaccine contains 500 million typhoid, and
250 million each of paratyphoid 'A' and 'B'.
The patient is wrapped snuggly in blankets.
The temperature is taken at ten minute intervals,
and a temperature of at least 104°F. is maintained for two hours.

If the temperature at any

time exceeds 105°F., the patient is removed
from the blankets and the temperature allowed
to descend.

If it does not rise to 104°F., .a

second injection of the same dose is given as it
descends.

Daily treatments for eight days is

the average course in Bauer's experience.

He

also states that a marked improvement is noted
after the third or fourth treatment.
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In a series of seventy cases, Bauer (5)
gives the following results:
12 had previously had chorea; 9 of these
had heart lesions on admission.

7 had had multiple attacks or rheumatic
infection including heart lesions.

5 had muscle pains without other symptoms.
1 had evidence of peritoneal irritation,
and epistaxis, without a history of other lesion; no cardiac involvement on admisDion or discharge.
1 had joint pains; admitted with heart lesion.
18 had no previous history, but had a heart
lesion on admission.
16 gave no previous history but had muffling
of the first sound on admission; 7 of these were
discharged with definite heart lesions.
10 gave no previous history of rheumatic
infection, chorea or any suggestion thereof; no
heart le~ions on discharge.

55 had had clinical evidence of a heart
involvement at some time or other.
35 had definitely changed in earlier rheu-

matic episodes before entering the clinic, and
16 were involved primarily.
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The heart disease prevention was calculated by
Bauer as follows:

9 of the previously mentioned 16 (primarily
involved on entering the clinic) were preventeu from developing heart symptoms up to the
time of discharge.

4 of the remaining 7 had

no lesion after two years observation.

1 of

the remaining 3 developed a second choreic attack within one year·with continued heart involvement.

The remaining 2 developed mitral

systolic murmur with ample cardiac reserve.
Therefore, of 16 patients with early or beginning heart involvement, 13 were completely
halted, 2 hearts were scarred but recovered,
and but 1 is damaged with a recrudescence of
chorea present.

Of the 35 secondary cases,

cardiac salvage is operating in a large proportion with encouraging results.
Bennett (6) states that salicylates, although they relieve painful rheumatic joints,
have no value in influencing favorably the disease course, and may be dangerous in that they
may depress temperatures.
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He advocates using

artificially induced fever by intravenous injection
of typhoid-paratyphoid vaccine.

He feels that this

is the "nearest approach to specific therapy".

The

course of the disease is shortened and the incidence of heart disease and polyarthritis is lessened,
he states, by using fever therapy.
That the disadvantages of shock reaction with
chills and fever, uncertain temperature elevation,
and debilitating effect of this type of tre.atment
are dangerous, he admits, and says that the safest
and most efficient of artificially induced fever
is by means of air-conditioned, thermostatically
controlled hypertherm cabinet.

'l1he

exact amount

of fever desired can be prescribed and treatments
given daily without deplbting the patient.

He

recommends a daily treatment for 2 hours at 105°
to 106°]:!'.

The average number of treatment hours

for a cure in his series of 17 cases was 8 hours.
He feels that the presence

of rheumatic fever

makes it imperative that fever therapy begin immediately to prevent progresfion; this should be
supplemented by a high _caloric, high vitamin diet
throughout treatment.
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On the other side of the treatment question stands Drucker (18b) who stoutly maintains that "As the alpha and omega of all antichoreatic therapy has always been to get the
patient the greatest possible physical and
mental rest, a sedative therapy is therefore
still to be looked upon as the most rational,
till other and better remedies are available."
He reports his results as follows:
41 children, 6 to 14 years old (13 boys,
28 girls), were treated with phenobarbital.
As a normal method, large initial doses, (up
to 30 cg/day) were given for 14 days or until
the eruption of an exanthema (about 9 days),
whereafter, luminal (phenobarbital) is given
in smaller doses (10 to 15 cg/day) for a shorter or longer period.

In more than half of the

children treated in this way, clinical recovery
was obtained within two weeks; in more than
three-fourths of the children, it was obtained
within three weeks.
Apart from two cases, in one of which there
was a brief spell of hematuria in connection with
the exanthema, while the other patient had an
attack of febri.ci"~ angina in connection with the
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exanthema, no serious complications were observed,
especially not involving the respiratory passages.
It is Drucker' s opinion that lwninal. therapy
with large initial doses has proved to be a very
'

effective and safe treatment in all cases of chorea, but it is suitable only for hospitals or clinics.
Since luminal therapy is regarded as safe by
its users and fever therapy is regarded as not
without dangers by its users, we may turn for
a moment to the remarks of Friedman (24) who says
that fa tali ties are not infreq_uent v-.ri th art if icial fever therapy.

He reportE the death of a

healthy, robust child of two and one-half years,
,Nho died shortly after the termj_nation of the
first hyperpyrexia treatment instituted for the
control of a specific urethritis.

He states that

a review of the literature discloses that most' of
the deaths from induced hyperpyrexia have occurred in 'young healthy individuals'.

He reminds

clinicians to aBk themselves whether it is better
to adminif1ter therapy which may terminate in death
or administer other therJ:py which is admittedly
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·more time consumine; but safer.
Phenobarbital was used in various patients
at the University of Nebraska Hospital.

The

results may be obtained by studyine: the appended charts.

Since it was e;iven to patients

in whom the disease was moderately severe to
severe, the remission time from symptoms appears longer than if similarly severe cases
could have been used as 'controls' under other
therapy for adequate comparison.
In severe cases of chorea where adequate
relaxation cannot be obtained with other sedatives, Frisch (25) suggests the use of Avertin
per rectum in 80 rngm./Kg body weight doses.
In such a case of so-called 'chorea insaniens',
rest and relaxation were brought about through
its use; it was duri.ng such quiet periods that
nourishment and other therapeutic aids could be
administered; it is suggested by Frisch that it
be tried in similar cases.
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S1Th:1MARY AND CONCLUSIONS

A diversity of findings is encountered
in the pathologic study of chorea.

Acute

cases present most commonly, neuronal degeneration of the cerebral cortex, the basal
ganglia, and the cerebellum.

Other cases ex-

hibit predominanily, vascular leEions such at
proliferation, thrombosis or hemorrhage

in

the cerebral cortex, basal ganglia and cerebellum.

These vascular changes may co-exist

with the neuronal degenerative changes previously mentioned. None of these changes is pathognomonic of chorea, being found in many other
.conditions.
The electroencephalogram in chorea minor
is characterized, in most cases by an increased
irregularity of the electrical activity, the
intensity being greater on the side opposite
the movement in pa t,ients with hemichorea.

I1he

1

more severe the clinical signs of chorea, the
more pronounced the changes in the cerebral activity; cases of chorea without abnormalities
may be encouni:iered.
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The pathogenesis of chorea seems to be a
hypersensitiveness of the motor cortex

of the

cerebrum to stimuli, and the los2, of inhibition
of the subcortical tracts to the motor cortex.
While most observers agree that chorea
and rheumatic fever are intimately though obscurely associated, Gerstley feels that chorea
is a clinical syndrome and that psychic trauma
euperL:;posed upon the 'choreic cons ti tut ion'
is of paramount importance; he disregards infection as having only a coincidental effect.
After reviewing the cases of chorea admitted
to the University of Nebraska, it was found by
the author of this thesis that a definite close
association existed between chorea and rheumatic fever in that series (ten years) of cases.
Two methods of therapy for chorea are reviewed, namely, (1) fever, and (2) sedative.
:F'ever therapy requires much special equipment,
a highly trained personnel, and much nursing care.
It is not without danger.

Death has been report-

ed from its use.

It does shorten the duration

of the disease.

Phenobarbital is easy to admin-

ister, and, although its use is limited to the
hospital and clinic, little n.ursing care is re-
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quired, and no special equipment is necessary.
The prognosis in Sydenham's chorea is very
eood, and it has been shown that few cases with,
or without.treatment, terminate fatality.

The

various treatme•ts given are for prevention of
recurrence, to shorten the duration of the attack, and to prevention progression with the
possible development of cardiac damage.
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